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Summary The cytostatic activity of a population of cultured syngeneic and allogeneic Kupffer cells against
the K31 tumour cell line has been studied in vitro. The addition of purified populations if Kupffer cells to the
tumour cell line resulted in a reduction in the uptake of 125IUdR by the tumour cells. This cytostatic activity
was not due to a non-labile supernatant effect. There was a progressive loss of the cytostatic activity of the
Kupffer cells as their time in culture increased. The experiments show that Kupffer cells, like other
macrophages, possess cytostatic activity in vitro which is not genetically restricted.
There is increasing evidence that macrophages may
play an important role in the host response to
neoplasia in vivo. Many studies have shown
significant levels of macrophage infiltration in
tumours (Evans, 1972; Lauder et al., 1977; Moore
& Moore, 1977; Wood et al., 1978). Although some
workers have shown an inverse relationship
between the macrophage content of a tumour and
the appearance of metastases (Eccles & Alexander,
1974; Wood & Gillespie, 1975) others have been
unable to do so (Talmadge et al., 1981; McBride et
al., 1982; Loveless & Heppner, 1983). However,
Russell & McIntosh (1977) found macrophages
isolated from regressing Moloney sarcomas to be
more cytolytic than those isolated from progressing
tumours, and a more recent study has provided
additional evidence that it is the functional status
of macrophages within tumours which may be of
great importance in the metastatic potential of
tumour cells (Loveless & Heppner, 1983).
In vitro studies have provided further evidence
for the involvement of macrophages, particularly
activated macrophages, in the control of tumour
growth (Krahenbuhl & Remington, 1974; Keller,
1976a; Sone & Fidler, 1980; Sone & Tsurbura,
1982). While macrophages can inhibit the growth of
normal cells in culture (Keller, 1976b) their
cytostatic effect is preferentially exerted on tumour
cells or virus infected normal cells (Hibbs, 1974;
Holterman et al., 1975; Goldmann & Hogg, 1978).
The majority of these in vitro studies have
involved peritoneal macrophages. Although Loveless
et al. (1982) demonstrated the tumoricidal
activity of macrophages isolated from liver granu-
lomas of Schistosoma mansoni infected mice, the
tumour inhibiting activity of the normal resident
Kupffer cell population has not previously been
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examined. Since Kupffer cells play a major role in
the removal of particulate material from the blood
stream (Benacerraf, 1964) they might be expected to
play a role in the trapping and elimination of
circulating tumour cells. Evidence for this role was
provided by Roos & Dingemans (1977) who
demonstrated the uptake of tumour cells by
Kupffer cells during in vivo perfusion.
In the present study populations of purified
Kupffer cells were prepared using a density gradient
and the ability of syngeneic and allogeneic cells to
induce cytostasis in vitro against a tumour cell line
has been examined.
Materials and methods
Animals
Male CBA and BALB/c mice weighing 20-30g
were obtained from the animal breeding unit at the
ICRF, London.
Isolation and culture ofnon-parenchymal cells
The method used for the isolation and the Percoll
density gradient separation of the non-parenchymal
cells has been described in detail previously
(Pulford & Souhami, 1980). For studies on
morphology, enzyme content and surface
membrane properties non-parenchymal cells were
suspended in bicarbonate buffered RPMI 1640
(Gibco Biocult Ltd.) containing glutamine and 30%
foetal calf serum (FCS, Flow) and cultured on
sterile glass coverslips in 24 well Costar plates.
Preparation ofKupffer cellsfor the cytostasis
experiments
Fibronectin coated dishes were prepared from
cultures of baby Hamster kidney (BHK) cells
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(ICRF Laboratories) as described by Ackerman &
Douglas (1978). Non-parenchymal cells from Layer
II of the Percoll gradient were then added in Hepes
buffered RPMI 1640 medium containing 10%
FCS. After 3h of culture at 37°C the adherent
cells were removed with 3mM ethylene
diaminetetra-acetic acid (EDTA), washed and kept
on ice until used (Pulford & Souhami, 1981).
Peritoneal macrophages
Peritoneal macrophages were used as controls for
the effect of the isolation procedure as previously
described (Pulford & Souhami, 1980).
Cell morphology and cytochemistry
May-Grunwald Giemsa (Dif-Quik, Harleco) was
used for routine morphology. Non-specific esterase
(NSE) was detected using the method of Yam et al.
(1971) while peroxidase was demonstrated using a
modification of the method of Kaplow (1965).
Demonstration ofCandida phagocytosis, Fc and C3
receptors
These methods have been described in detail
previously (Pulford & Souhami, 1980, 1981).
Candida guillemondeii were used in the study of
phagocytosis. Candida (107) were added to each
coverslip culture. After 60min at 37°C the
percentage of cells which contained one or more
Candida was counted. Sheep red cells coated with a
rabbit anti-sheep IgG antibody (Flow Laboratories)
were used to demonstrate the Fc receptor. Sheep
cells which had only been washed were included as
a control. The C3 receptors were detected using
sheep red cells which had been coated with a rat
anti-sheep red cell IgM antibody (received from Dr
N. Hogg) prior to incubation with fresh mouse
serum as a source of complement. Sheep cells
incubated with only the IgM antibody were used as
controls. In both of these assays 0.1 ml of a 0.5%
sheep cell suspension was added to each coverslip
culture. After 30min at 37°C the number of
positive cells was counted. A cell was scored
positive if it contained one or more red cell or had
three or more adherent red cells.
Detection ofIa antigen
Ascitic fluid from mice immunised with the
hybridoma cell line 10-2-14 was the source of
antibody directed against the I-A subregion of the
Ta complex (kindly donated by Dr D. Katz). This
antibody detects the I-A antigen on cells from CBA
mice which are of the H-2k haplotype. Cells from
BALB/c mice (H-2d haplotype) showed no positive
staining with this antibody thus demonstrating its
specificity for the H-2k haplotype. The method used
for the detection of the Ta antigen has been
described in detail before (Pulford & Souhami,
1981).
Cytostasis assay
The BALB/c fibroblast line K31 (KIRSTEN
sarcoma virus transformed non-producer cell line,
Aaronson & Weaver, 1971) was used as the target
cell source in the present study. These cells were
maintained as a monolayer culture in Eagles
medium (Gibco Biocult Ltd.) containing 10%
FCS. The method of Goldmann & Hogg (1978)
was followed. After trypsinisation the target cells
were suspended in bicarbonate buffered RPMI 1640
containing 10% FCS and glutamine and plated out
at a concentration of 5 x 103 cells per well of a flat
bottomed plastic microtitre plate (Linbro).
Adherent cells from Layer II of the Percoll gradient
were added to the tumour cells in concentrations to
give effector:target cell ratios of 40: 1 to 2: 1. After
overnight culture at 37°C in 5% CO2 the
supernatant was removed from each well and
replaced with fresh medium containing 0.5yCi
125rUdRml-1 (5'-125Iodo-2'-deoxyuridine, specific
activity 5Cimg-1, Radiochemical Centre,
Amersham) and re-cultured for 5h at 37°C. The
plates were then washed by their total immersion 6
times in normal saline (Balkwill & Hogg, 1979).
After the plates had dried they were sealed with
wax and the individual wells were cut out and
counted on a LKB gamma counter.
The % uptake of 125IUdR by the target cells
(K31) was calculated as
c.p.m. target+effector cells 100
c.p.m. targets
The % cytostasis effected by the Kupffer cells is
therefore 100-% 125IUdR uptake.
In order to assess the cytostatic activity of culture
supernatants, those supernatants which had been
removed after overnight culture of the effector and
target cells were added to cultures of fresh target
cells and the cytostatic assay was repeated.
The effect of duration of culture of Kupffer cells
on their cytostatic ability was studied by culturing
adherent cells from Layer II in microtitre plates.
Tumour target cells were then added after 1 and 5
days of Kupffer cell culture and the cytostasis assay
was carried out as previously described.
Results
Isolation ofKupffer cells
The average weight of the CBA liver was 1.14CYTOSTATIC KUPFFER CELLS 33
+0.18g which gave a yield of 24.6+ 6.3 x 106 non-
parenchymal cells following pronase digestion. A
similar yield of 25.2+4.1 x 106 cells was obtained
from the livers of BALB/c mice. Twenty-one per
cent of the freshly isolated non-parenchymal cells
from the CBA and the BALB/c mice had the
morphological and cytochemical characteristics of
Kupffer cells. After the Percoll gradient the non-
parenchymal cells were separated into 3
compartments according to cell density (Pulford &
Souhami, 1980, 1981). Only the cells from Layer II
(specific gravity 1.055-1.080), constituting 44% of
the total non-parenchymal cell population, were
placed in culture. Of these 40% were mononuclear,
peroxidase and NSE positive Kupffer cells.
Characteristics ofthe adherent cells
After 3 h culture 95% of the adherent cells from the
cultures obtained from both BALB/c and CBA mice
were judged to be peroxidase and NSE positive
Kupffer cells. At this time 16% were phagocytic,
64% had Fc receptors, 14% possessed C3 receptors
and 77.5% were I-Ak positive. After 48h the cells
had lost their peroxidase activity but were strongly
NSE positive mononuclear cells with deeply
basophilic cytoplasm and the majority contained
small vacuoles. Ninety-nine per cent of these cells
were phagocytic and had Fc receptors while 89%
possessed C3 receptors and 83.9% were I-Ak
positive.
This initial loss of phagocytic ability, Ta antigen
and surface membrane receptors was due to the
effect of pronase used during the isolation
procedure. Control cultures of pronase treated
peritoneal macrophages demonstrated the same
changes during the first 24h of culture but after this
time gave identical results to those obtained from
non-pronase treated cells.
During continued culture the Kupffer cells
demonstrated a loss of their surface membrane
receptors. After a total of 6 days of culture 98% of
the cells were phagocytic and had Fc receptors
while 83% possessed C3 receptors. All of the cells
were I-Ak negative. A similar loss of membrane
characteristics was found in the control cultures of
peritoneal macrophages.
Fifty-five per cent of the Kupffer cells placed in
culture were adherent after 48h. No further loss of
adherent cells was found during a total of 6 days of
culture.
Kupffer cell cytostatic activity
Syngeneic and allogeneic Kupffer cells exerted an
equal cytostatic effect on the tumour cell lines.
Addition of purified populations of Kupffer cells
from BALB/c and CBA mice to the K31 cells
resulted in an inhibition of 125IUdR uptake by the
tumour cells. The results from a typical experiment
are shown in Figure 1. At a Kupffer cell to target
cell ratio of 40: 1 the 125IUdR uptake by the
tumour cells was decreased by more than 60%.
Even at an effector:target cell ratio of 2:1 there
was a 36% reduction in the 125IUdR uptake by the
tumour cells. Kupffer cells possessed a greater
cytostatic ability than peritoneal macrophages
(Figure 1). Although Kupffer cell division has been
observed after 3 days of culture (Pulford &
Souhami, 1980) 125IUdR uptake by the Kupffer
cells did not rise significantly above background
levels. Even after a total of 6 days culture the
12 IUdR uptake of the Kupffer cells was
117+ I0c.p.m. compared with 15,000+ 150c.p.m. in
cultures of the tumour cell line.
There was no inhibition of uptake of 125IUdR by
K31 cells when they were cultured in supernatants
removed from the mixed cultures of tumour cells
and Kupffer cells. To exclude a labile supernatant
effect 5x 103 K31 tumour cells and a mixture of
Kupffer cells and tumour cells in a ratio of 40:1
were allowed to adhere to separate 6mm sterile
glass coverslips. The coverslips containing the
tumour cells and the mixture of tumour cells and
or)_ du
70
U)
CL
._
C3
20
10
I ..I- I'-
I I
2:1 5:1 10:1 20:1
Effector:Target cell ratio
40:1
Figure 1 The cytostatic activity of cultured Kupffer
cells. Each result is the mean (+s.d.) of triplicate
cultures. (_- ) BALB/c Kupffer cells; (X---X)
CBA Kupffer cells; (---.. -) BALB/c peritoneal
macrophages.
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Kupffer cells were then placed in the same 16mn
well of a Costar plate. The well was flooded wit]
media and cultured overnight. The following da;
the media was removed and replaced with 125IUdR
After 5h culture the coverslips were removed
washed and counted. In the mixed culture of K3
and Kupffer cells uptake of 125IUdR was inhibite
by 62% but there was no inhibition of 125IUdl
uptake in the coverslip cultures of K31 cells whici
had been cultured without Kupffer cells in the sami
Costar well. This indicated the absence of a long
range labile supernatant factor and implies tha
cell to cell contact may be necessary for cytostasis.
Effect oftime on the cytostatic activity ofcultured
Kupffer cells
A comparison of the cytostatic ability of BALB/i
Kupffer cells maintained in culture for 3h, 1 and '
days prior to the addition of K31 tumour cells i
shown in Figure 2. At an effector:target cell rati(
of 40:1 the 125IUdR uptake by the tumour cell
was reduced by 62% after a total culture time of I
day, 45% after 2 days and by only 3% after a tota
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Figure 2 The loss of cytostatic activity of BALB/c
Kupffer cells during culture. Each result is the mean
(±s.d.) of triplicate cultures. ( 0), (X X) and
(- *) cytostatic activity after a total culture
period of 1, 2 and 6 days respectively.
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of 6 days of Kupffer cell culture. Similar results
were found for the CBA Kupffer cells.
A loss of cytostatic activity during culture was
also shown by control cultures of peritoneal
macrophages. This indicates that the decreased
cytostatic activity found during culture was not due
to any effect of the isolation procedure.
Discussion
it The recoveries and characteristics of the
populations of Kupffer cells prepared here from
both BALB/c and CBA mice were similar and
confirmed our previous findings (Pulford &
Souhami, 1980, 1981). The Kupffer cells were
adherent and NSE positive. At 3h only a minority
'c were phagocytic and had C3 receptors, but with
5 continued culture the majority became phagocytic
is and expressed both C3 and Fc receptors, all of
0 which are characteristics of cells found capable of
Is cytostasis in other experiments (Keller, 1973, 1976a;
Balkwill & Hogg, 1979). The use of control cultures
of peritoneal macrophages in the present study
demonstrated that the pronase treatment and the
Percoll gradient in the isolation procedure had no
selective effect on the adherent Kupffer cell
population obtained. However, since only 55% of
the Kupffer cells isolated and placed in culture were
adherent it remains possible that these adherent
cells do represent a subpopulation of Kupffer cells.
Previous studies have shown macrophages from
the spleen, lungs, breast, bone marrow and the
peritoneum to be cytostatic to tumour cells (Keller,
1978; Balkwill & Hogg, 1979; Sone & Tsubura,
1982). The present study shows that liver
macrophages are also capable of cytostatic activity
in vitro. The finding that Kupffer cells exerted a
greater cytostatic effect than comparable cultures of
peritoneal macrophages provides evidence that
cytostasis was not due solely to cell crowding. This
conclusion is supported by the finding that
cytostatic activity decreases as Kupffer cells are
maintained in culture. Since Kupffer cells increase
in size and number during culture (Pulford &
Souhami, 1980) an increased inhibition of '25IUdR
uptake would be expected if the results were due to
cell crowding.
The cytostatic ability is not genetically restricted
since Kupffer cells from CBA mice were able to
inhibit 125IUdR uptake by allogeneic K31 tumour
cells. The ability of allogeneic macrophages from
other sites to exhibit cytostasis has previously been
shown in the mouse (Hogg & Balkwill, 1981) and
the rat (Keller, 1974, 1978).
The methods by which macrophages exert their
cytostatic ability are still unclear. While some
workers have found evidence fQr direct cell to cell
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contact (Keller, 1973; Stewart et al., 1975) others
have suggested that the cytostatic effect mediated by
macrophages is due to the release of substances
such as arginase (Currie, 1978) and tumour necrotic
factors (Matthews, 1978, 1981) from the
macrophages. It is also possible that in those in
vitro experiments where isotopes such as 3H-
thymidine or 125IUdR were used, that the observed
cytostatic effect was due to the release by the
macrophages of thymidine (Staedecker et al., 1977)
which inhibited the uptake of the isotope into the
tumour cells. In the present study, however, the
experiments with supernatants and with coverslip
cultures of tumour cells and Kupffer cells provided
evidence that any supernatant cytostatic effect was
unlikely to be due to the presence of thymidine or
any other long range non-labile factor. The
possibility remains, however, that cytostasis was
effected by a short range labile factor.
Evidence for heterogeneity within macrophage
populations has been obtained from a variety of
studies (Lee & Berry, 1977; Cowing et al., 1978;
Hopper et al., 1979). Functional heterogeneity may
exist within the Kupffer cell population. In both the
present study and in a previous study (Pulford &
Souhami, 1981) 89.9% of cultured Kupffer cells
prepared from CBA mice were found to posses Ia
antigens. It would therefore be expected that a
similar proportion of Kupffer cells from BALB/c
mice would be Ta positive. Since Hogg & Parish
(1980) found that peritoneal exudate macrophages
cytostatic for tumour cells were Ta negative it is
possible that the small number of Ta negative
Kupffer cells found in the present study are
cytostatic. However, in the present experiments
cytostatic activity is lost during culture in parallel
with the Ta antigen. Cytostatic ability may therefore
depend upon factors other than the presence of the
Ta antigen, for example, the mode of activation of
the macrophages. Tanaka et al. (1981) found Ta
positive as well as Ta negative peritoneal exudate
macrophages to be cytostatic only after their
incubation with a lymphokine.
Since the decrease in cytostatic ability of cultured
Kupffer cells was also found in the control cultures
of peritoneal macrophages it does not seem to be
an effect of the isolation procedure. Possible
explanations for this loss of activity include
inadequate culture conditions to maintain cytostatic
activity or the loss, during culture, of surface
molecules necessary for initiating cytostasis, similar
to the loss of phagocytic ability, Ta antigens C3 and
Fc receptors found here and in previous studies
(Pulford & Souhami, 1980, 1981).
This work was supported by a grant from the Cancer
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